The loss of natural habitats is one of the main drivers of biodiversity decline. Anthropogenic land uses preserving biotic and abiotic conditions of the native ecosystem are more suitable to preserve the native biodiversity. In this study, we explored changes in species richness and composition in different land uses of the southern Atlantic forest, considering three independent factors: (1) canopy (presence-absence), (2) type of vegetation (nativeexotic) and (3) livestock (presence-absence). We expected a gradient of response in the richness and composition of the native forest dung beetle community, from land uses preserving canopy and native vegetation to open land uses with exotic vegetation. Dung beetles were sampled in protected native forests and four land uses, using two potential food resources: human dung and carrion. The species richness and composition of each habitat, as well as differences in composition and the influence of factors over diversity, were then analyzed. As expected, our results showed that land uses preserving canopy and native vegetation maintain the dung beetle diversity of the native forest. Moreover, while the three factors analyzed influenced dung beetle diversity, canopy cover was the main driver of dung beetle diversity loss. The main conclusion of this study is that the conservation of canopy (either native or exotic) is determinant to preserve highly diverse dung beetle communities and subsequently, the ecological functions performed by this taxon. However, the ecophysiological mechanism behind the response of dung beetles to habitat disturbance is poorly understood.
Introduction
In the last decades, the destruction of natural habitats has been largely identified as one of the main drivers of biodiversity loss across all major taxonomic groups (Dirzo and Raven 2003) . Particularly, the expansion of agricultural areas and tree plantations in highly diverse tropical and subtropical forests has had a major influence on biodiversity patterns (Davies and Margules 1998; Myers et al. 2000; Myers and Knoll 2001; Novacek and Cleland 2001; Arellano et al. 2008) . Forest replacements influence the abundance of populations and the structure and composition of communities through changes in the availability of resources and microclimatic conditions (ecological niche) (Culot et al. 2013; Nichols et al. 2013; da Silva and Hernández 2016) . While in general land uses influence biological diversity, previous studies have shown that anthropogenic lands uses preserving some of the biotic and abiotic conditions of the native ecosystem are more suitable for native species than those that drastically modify the original conditions (Pineda et al. 2005; Quintero and Roslin 2005; Nichols et al. 2007; Hernán-dez and Vaz-de-Mello 2009; Filloy et al. 2010; Zurita and Bellocq 2012; Hernández et al. 2014; Filgueiras et al. 2015; da Silva and Hernández 2016; Gómez-Cifuentes et al. 2017) .
Due to their high diversity and abundance (Ocampo and Hawks 2006; Spector 2006) , their sensitivity to human disturbances (Verdú et al. 2007; Gardner et al. 2008; Tonelli et al. 2017) , their relatively stable taxonomy (Philips et al. 2004) , and their importance in ecosystem functioning (Hanski and Cambefort 1991; Andresen and Feer 2005; Nichols et al. 2008; Verdú et al. 2017 ), Scarabaeinae dung beetles are an excellent focal taxon to explore the influence of anthropogenic disturbances on populations, communities and ecosystem processes. Previous studies in the Atlantic forest (Hernández et al. 2014; Bogoni et al. 2016; Gómez-Cifuentes et al. 2017; Giménez Gómez et al. 2018) and other tropical and neotropical forests (Vulinec 2002; Quintero and Roslin 2005; Nichols et al. 2007; Alvarado et al. 2018) have shown that forest replacement influences dung beetle populations and communities through changes in vegetation structure, microclimate, soils and the availability of trophic resources. Moreover, changes in vegetation structure have probably an indirect effect on dung beetles through the alteration of microclimatic conditions, including radiant heat (Halffter et al. 1992; Verdú et al. 2007 ), light intensity, and air and soil temperature and humidity (Davis et al. 2002) . Forest dung beetles have physiological restrictions and the large majority of species are sensitive to changes in the microclimate (Davis et al. 2000; Duncan and Byrne 2000) . Also, changes in soil conditions (compaction, pH, relative humidity) impose new restrictions to forest dung beetle species because these beetles depend on soil-specific conditions, especially for nesting (Osberg et al. 1993; Sowig 1995; Nichols et al. 2013) .
The Atlantic forest is one of the most diverse and threatened ecosystems worldwide (Mittermeier et al. 1998) . Currently, it is characterized by highly heterogeneous landscapes, combining large tracks of native forest with agricultural areas, pastures and tree plantations. This area offers the opportunity to simultaneously explore changes in dung beetle diversity in a large variety of land uses within the same region (Izquierdo et al. 2008; Zurita and Bellocq 2012) . Taking advantage of this heterogeneity, our main objective was to explore changes in species richness and composition between different land uses, considering three independent factors usually related to dung beetle diversity: (1) canopy (presence-absence), (2) type of vegetation (native-exotic) and (3) livestock (presence-absence). We expected a gradient of response in the richness and composition of the native forest dung beetle community, from land uses preserving canopy and native vegetation to open land uses with exotic vegetation.
Materials and methods

Study area and experimental design
This study was performed in the southern Atlantic forest of Argentina (Fig. 1) , a semideciduous forest with average precipitations of 2000 mm distributed throughout the year and an average temperature of 25 °C in summer and 15 °C in winter (Oliveira-Filho and (Izquierdo et al. 2008; Zurita and Bellocq 2012) . Dung beetles were sampled during the 2016 spring (November-December), the time of the year with the highest activity of dung beetles in the region (Hernández and Vaz-de-Mello 2009) .
The objective of this study was to explore the individual influence of the following three factors: (1) canopy cover (presence-absence), (2) type of vegetation (native-exotic) and (3) livestock (presence-absence) (Table 1) , on dung beetle diversity. To achieve this objective, within the study area, we selected four different land uses, differing in the above-mentioned three factors (five replicates of each land use): (A) mature pine plantations (10-12 years old) (Pinus taeda) (pine plantations; exotic canopy cover without livestock); (B) native forest with livestock (agroforestry parklands; native canopy cover with livestock); (C) pine plantations (Pinus taeda) with livestock (silvo-pastoral systems; exotic canopy cover with livestock); and (D) deforested areas of pastures with livestock (open pastures without canopy). Additionally, five replicates of native continuous forest were sampled in protected areas (Parque Nacional Iguazú and Parque Provincial Urugua-í). A detailed description of the land uses selected and the native forest can be found in Online Appendix S1. The distance between sampling sites (25 in total) was at least 1 km to guarantee independence among samples. To increase regional representativeness, sampling sites were clustered in four areas separated by a minimum distance of 30 km. All land uses were represented in all areas.
Dung beetle sampling
A grid of 150 m × 150 m was established in each sampling site (25 in total, five in the native forest and five in each land use). Each grid contained 16 traps separated by 50 m, to minimize the interference between traps (16 traps × 25 sites = 400 traps) (Larsen and Forsyth 2005; Tshikae et al. 2013) . Traps consisted of a plastic container (12 cm in diameter and depth) filled with water, neutral detergent and salt to avoid the decomposition of individuals, without interfering with attraction (Nichols et al. 2007 ). In each replicate, eight traps were baited with human excrement and eight with rotten meat, to capture both necrophagous and coprophagous species (Halffter and Matthews 1966; Spector 2006) . Human excrements and rotten meat are the most commonly used baits in neotropical studies to attract the majority of dung beetle species (Audino et al. 2014 , da Silva and Hernández 
Data analysis
To estimate sample coverage, the estimator of the sample coverage of the reference sample was calculated on INEXT (Chao et al. 2016) . At community level, to compare species richness between habitats, a non-parametric Kruskal-Wallis test and a pairwise post hoc comparison were performed using the 'conover.test' package in R (Dinno 2017; R Core Team 2017) . To explore differences in dung beetle species composition between land uses and the native forest, a non-metric multi-dimensional scaling (NMDS) analysis using Log (x + 1) transformation and Bray-Curtis index was performed (Clarke, 1993) . The Log (x + 1) transformation was used to improve the visualization of points in the Fig. 3 . The statistical differences between the groups formed by the NMDS were compared using a nonparametric permutation-based multivariable analysis of variance (PERMANOVA). The P value was estimated after 999 permutations. Both NMDS and PERMANOVA were performed with PRIMER 6 + Permanova software (Clarke and Gorley 2006) .
Finally, to explore the individual influence of canopy cover (presence-absence), livestock (presence-absence) and vegetation type (native-exotic) on the composition of dung beetle assemblages on the different land uses, we made a supplementary PERMANOVA (Bray-Curtis index as a dissimilarity) using the 'Adonis' function in R package vegan (Oksanen et al. 2017; R Core Team 2017) . We used the replicate data to perform the PER-MANOVA and constructed a model with canopy cover, livestock and vegetation type as explanatory variables (factors). The Adonis function provides a statistic (F), a measure of the "effect size" (R 2 ) and a P-value (P) for each factor. Factors with P-value below 0.05 are considered significant and higher R 2 indicates higher explanatory power.
Results
We one in silvo-pastoral systems and three in open pastures). Finally, the sampling effort captured more than 98% of species in all the habitats (Online Appendix S2). When comparing species richness, significant differences were found between habitats (K-W, H = 11.30, N = 4, P = 0.0212). All habitats with canopy cover (native forests, pine plantations, agroforestry parklands and silvo-pastoral systems) showed similar and higher richness compared to open pastures (Fig. 2) .
When comparing species composition among land uses, the NMDS clearly separated the open pastures from the native forest and the rest of the land uses (2D Stress: 0.08) (Fig. 3) . Also, the PERMANOVA analysis showed that significant differences exist between all land uses (PERMANOVA, F = 12.348, df = 4, P = 0.001), with the only exception of agroforestry parklands and silvo-pastoral systems (Table 3) . Finally, the supplementary PERMANOVA (through the Adonis function) showed that the three factors proposed explained differences in dung beetle compositions among habitats and the native forest, but in a different magnitude: canopy cover presence had a higher effect (P = 0.001, R 2 = 0.541), then was the livestock presence (P = 0.002, R 2 = 0.094) and finally the vegetation type (P = 0.046, R 2 = 0.043) ( Table 4) . 
Discussion
We expected that the land uses preserving canopy and native vegetation would also preserve the dung beetle diversity of the native forest (both regarding richness and composition). Our results partially support this hypothesis since both the richness and composition of species were similar to the native forest in land uses with canopy cover (agroforestry parklands, pine plantations and silvo-pastoral systems) and strongly different in open habitats (open pastures). While the presence of cows and the vegetation type had a significant effect, explaining differences in species composition, the presence of canopy was, by far, the primary factor preserving native dung beetle communities in studied land uses. Previous studies carried out in the Atlantic forest have explored the influence of canopy cover, (Hernández et al. 2014; da Silva and Hernández 2016; Bogoni et al. 2016; Gómez-Cifuentes et al. 2017; Giménez Gómez et al. 2018) ; however, this is the first study considering canopy cover, livestock and vegetation type at the same time to explain the response of dung beetle communities to intensive land uses. A large number of previous studies have shown that the replacement, fragmentation and degradation of tropical and subtropical forests by intensive and semi-intensive land uses (e.g., cattle raising, tree plantations and agriculture) change dung beetle abundance (Sánchez-de-Jesús et al. 2016), richness and composition (Halffter and Arellano 2002; Scheffler 2005; Nichols et al. 2007; Gardner et al. 2008; Neita and Escobar 2012; Peyras et al. 2012; Audino et al. 2014; Hernández et al. 2014; Gómez-Cifuentes et al. 2017) . In general, the magnitude of these changes has been associated with the loss of forest resources (such as trophic resources) and conditions (Nichols et al. 2007; Hernández et al. 2014; Hewavithana et al. 2016; Gómez-Cifuentes et al. 2017 ). In our study, canopy cover was the main driver of dung beetle diversity; land uses preserving forest canopy cover (either exotic or native) preserved not only forest species richness but also species composition. In contrast, both richness and composition greatly decreased in the open habitats. Our results are similar to those found by Nichols et al. (2007) but differ from those of Gardner et al. (2008) . This discrepancy is probably associated with the type of land uses considered in each study. Gardner et al. (2008) found microclimatic differences between forest and tree plantations, whereas Nichols et al. (2007) and us found that the microclimatic conditions of the forest and the land uses preserving canopy were similar. These differences could be explained by the physiological intolerance of forest dung beetles to high temperatures and low humidity (Sowig 1995; Lobo et al. 1998; Chown 2001) .
In a recent study, Alvarado et al. (2018) also found that the canopy cover has a primary influence determining dung beetle communities in livestock areas at multiple scales and that the presence of livestock has a secondary effect. Canopy cover has probably an indirect influence on dung beetles through the regulation of several soil and understory microclimatic conditions such as radiant heat, light intensity, air temperature and humidity, and soil temperature and humidity (Halffter et al. 1992; Davis et al. 2002; Tuff et al. 2016) . Given the narrow abiotic tolerances of many forest dung beetle species, disturbances that alter microclimatic factors directly affect dung beetle diversity (Davis et al. 2000; Duncan and Byrne 2000; Chown 2001; Nichols et al. 2007 ). In relation to the influence of livestock, although many species are primary coprophagous in the study area, cow dung is probably a low quality resource since the majority of species prefer dung for omnivorous species rather than herbivorous (Giménez Gómez et al. 2018) ; this low preference could probably explain the secondary role of livestock presence, explaining differences in species composition. Moreover, the diversity of dung types, and therefore the diversity of mammals, is more important than the abundance of only one dung type to maintain dung beetle communities in a specific habitat (Bogoni et al. 2016; Giménez Gómez et al. 2018) . Additionally, the capacity of native species to exploit open habitats in the Atlantic forest is probably more related to physiological tolerance rather than resources availability (Giménez Gómez et al. 2018) . As an example, Chalcocopris hesperus Olivier and Dichotomius sericeus are coprophagous species but the first species was captured only in the native forest and the second was present in all habitats. The main difference between both species is the activity pattern: Chalcocopris hesperus is a diurnal species while Dichotomius sericeus is nocturnal. The type of dung that a species uses can limit its capacity to use a specific habitat but its thermal tolerance is probably more important and is associated with canopy cover. Finally, the low influence of vegetation type (native or exotic) is not surprising because only very few species of dung beetles require plant material for feeding or nesting, such as species of the genera Paraphytus Harold (rotten wood), Pachysoma Macleay (vegetable detritus and dry dung), and Cephalodesmius Westwood (decomposed leaf pieces, flowers, seeds, and fruits) (Halffter and Matthews 1966; Monteith and Storey 1981; Scholtz et al. 2004; Davis et al. 2008; Halffter and Halffter 2009; Holter et al. 2009 ). In our study, only Dichotomius carbonarius Mannerheim has been found provisioning its brood chambers with a filling of small, comminuted, dry leaf pieces and an outer layer of more entire leaves (Dinghi et al. 2013 ). Our results and previous studies suggest that the microclimatic conditions in the understory, rather than the type of vegetation or presence of livestock, determine patterns of dung beetles in land uses of tropical and subtropical regions. These results lead to a simple but powerful conclusion for the management of anthropogenic land uses: the conservation of canopy (either native or exotic) is determinant to preserve dung beetle communities and, highly probably, the ecological functions performed by this taxon. However, the ecophysiological mechanism behind the response of dung beetles to habitat disturbance is poorly understood. Thus, further studies in this direction should be performed to gather information to increase the long-term suitability of land uses.
